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Description 

Technical Field 



[0001] The present invention relates to* steel pipes for- oil country tubular goods used in crude oil wells and natural 
gas wells. In particular, the present invention relates to ah- improvement of corrosion resistance to extremely severe, 
corrosive environment in which { carbon dioxide gas (Cp 2 ), chloride ions (Cr), and the like are present. 

**- , 1 - 



Background Art 



f 0002] Deep oil Wells, which have not conventionally been regarded at all, and corrosive sour gas wells, the devel- 
opment of which was abandoned fb'f afimf, have recently been developed increasingly on a worid scale in order to 
cope with increase of crude oil price and anticipated oil resource depletion in the near future. These oil wells and gas 
wells generally He¥t great depth'&ln a severefcorfosive environment of a high-temperature atmosphere containing 

is corn^VutdSSW&Si' al : bof ahdcFAcSo^lingly, steel pipes for oil country tubular goods used for digging such 
an oil or gas well have to-be highly-strong and corrosion-resistant, - ....... 

[00031 In general, highly CQ^'corr6si6ri- r resisiaht 1 3%,Cr martensitic stainless- steel pipes are:used in oil. wells.and 
gas wells whoseWt^Wef&^niainC^rci-^orthe like. However, conventional martensitic stainless steels cannot 
wear in enviroffments-at highnemperatureVof 'more than 100-C containing a large amount otCI . Accordingly, two- 

20 phase stainless steel pipes are" use-fin oiiweils~requiring corrosion resistance. Unfortunately, the two-phase stainless 
steel pipes contain-large amounts of-alloying elements to reduce the hot workability. Consequently, they must be man- 
ufactured onlyby special^eat-tfeatmeht due-to their reduced hoi workability, and besides „they are disadvantageously 
expensive Accordingly, an inexpensive 13%-Cr martensitic stainless steel-based: pipe for .oiLcountry tubular goods 
having a superior hot workability and C0 2 corrosion resistance has been strongly desired. On the other hand, oil well 

25 development -ih-cold districts Has recently become active, and, accordingly, superior toughness at low temperatures is 

often required In addition to v hi§|h ! %trSift'gtri , >- , '«aW* - ' ^^ cT 

[0004] To these demands? impToved martensitic stainless steels (or steel pipes) based on a 13%-Cr martensitic 
stainless steel (or steel pipe), having an enhanced corrosion resistance have been proposed in, for example, Japanese 
Unexamined Patent Application Publication Nos. 8-120345'-9-268349,:arid.10:-1755;.and; Japanese;£atent Nos. 

30 2814528 and 3251648. »'• ~f J rf . 

[0005] Japanese-Unexamined RatentJ^ppiication.eubBcatiQn.Ho, B-%2t^te*j&sdo*f*l am»L<^Jw rr^jrfartur- 
ing a seamless,Wrtehsitic,stainless steel pipe; hayings superior corrosipn resistance; For^eeJ cqm e osrtipn f of a 
13%-Cr martensitic stainless steel pipe, the C content is limited to the range of 0.005% to 0.05%, 2.4% to 6% of Ni 
and 0.2% to 4% of. ,Cu are added in.combinatipn,,and 0.5% to .3% of Mo.is *^.4^,$SteKPg& a * 

35 10.6 or more.'This ( steel material is, subjected to hot working,: subsequently cooled at air,coolingspeed or more, .and 
then tempered'..A!tematiyely, afterbejng .copled.the steel material, is further heated to a temperature, between A^ 
transformation point *1JD°C and Acatransformation.point + 200/C, or alepippraju re between iAc transfor^abon.po.nt 

and A^^^atonp^st^^ c ft oled (< tp ^f^^.^^^^^f^^^ 
. pered. According ; t B! this, method, a seamless, martensitic stainless steel pipe, ^^^ ^ c ^-^B^|J^ f 
40 . the grade Agl-CQS. or, grater, cprr^^res^n^environm^ rt 1 ^&^§g%m®S^v'$&$&^' 

[0006]^ Japanese U A e M min ?,r?6|349 ^^^^^JS^a 

. ing a.martensMc.stainless;Steel 3 having,a 

.. steel .coipp^ifeO WS^mimgmmmM^ ^m^^m^?M^M^f^f(M^Lt 
45 to6.0%6fNi,0.5%to3%ofCu,anda5%tp^ 

this steel material is heated to a temperature between (Ac point tJp^)o^4'hx^ * ^SWaT' 
then cooled to a temperature of Ms point or less,.and tempered.af.a temperajure of fa goint or Tpijs.flre resumng 
steel has a structure in which tempered martensite and 20 percent by volume or more of y phase are mixed. According 
to this method, the sulfide stress-corrosion cracking resistance is remarkably enhanced by forming a martensitic struc- 

50 ture containing 20 percent by volume or more of y phase. 

[0007] Japanese Unexamined Patent Application Publication No. 1 0-1 755 has disclosed a martensitic stainless steel 
containing 10% to 15% of Cr, having a superior corrosion resistance and sulfide stress-corrosion cracking resistance. 
This martensitic stainless steel has a composition in which the Cr content is set at 1 0% to 1 5%; the C content is limited 
to the range of 0.005% to 0.05%; 4.0% or more of Ni and 0.5% to 3% of Cu are added in combination; and 1.0% to 

55 3 0% of Mo is further added. Furthermore, Ni„ of the composition is set at -1 0 or more. The structure of the martensitic 
stainless steel contains a tempered martensitic phase, a martensitic phase, and a residual austenrtic phase. The total 
percentage of the tempered martensitic phase and the martensitic phase is set in the range of 60% to 90%. Accord.ng 
to this disclosure, corrosion resistance and sulfide stress-corrosion cracking resistance in environments where wet 
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carbon dioxide gas or wet hydrogen sulfide is present are enhanced ; 

[0008]' Japanese Patent No. 2814528 relates to an oil well martensitic stainless steel product having a superior 
sulfide stress-corfosiori crackirig'resistance: This steel product has a steel composition containing more than 15% and 
1 9% drless of CrvO*. 05% or less "of GT 0.1 %*or less of N, 3.5% to 8.0% of Ni, and 0.1 % to 4.0% of Mo, and simultaneously 

5 satisfying the relationships: 30Cr 4- 36Mo + 1 4Si - 28Ni < 455 (%); and 21 Cr + 25Mo + 1 7Si + 35Ni < 731 (%). According 
to this disclosure, the resulting steel product exhibits a superior corrosion resistance in severe environments in oil wells 
where chloride ions, carbon dioxide gas, and a small amount of hydrogen sulfide gas are present. 
[0009] Japanese Patent No. 3251 648 relates to a precipitation Hardening martensitic stainless steel having superior 
strength and toughness. This martensitic stainless steel has a steel composition containing 1 0.0% to 1 7% of Cr, 0.08% 

10 .or less of C, 0.01 5% or less of N, 6.0%. to 10.0% of Ni, 0.5% to 2.0% of Cu, and 0.5% to 3.0% of Mo. The structure of 
the steel is formed by 35% or more coid working and annealing and" it has^ a nhean crystal grain size of 25 u.m or less 
and precipitates with a particle size of 5 x 1 0 -2 ujn or more in the matrix. The number of the precipitates is limited to 
6 x 10 6 per square millimeter 6Kless>' According to this disclosure, a high-strength precipitation hardening martensitic 
"'stamTess 1 'steel : ih which tougfrness 'degradation does not occur-can beachieved by .forming a structure.containing fine 

15 crystal grain s c and' less precipitation?^ •-■ -■ *■• -.is r> - f ' • •:. 

* f^ciosufe'of lhvehftbh ni <-^> ">~* -* W " * c t " * wc- * ■? _?r ;c« - ; . -c 



[001 Of r HdweveK' improved 13%-Cr martensitic stainless' steel pipes manufactured by the techniques of Japanese 
20 Unexamined "Patent Application 1 Publication Nos. 8-120345,- 9-268349, rand ^10-1755 and Japanese Patent Nos. 
2814528 and 3251648 do not stably exhibit desired corrosion resistance^ severe/corrosive environments at temper- 
atures^oFmore'than'l 80'°G containing- C0^7 Ch;'or the like-. ~ zt- izv-'-^ v • - 

[0011] In view of the^ circumstances of the known arts stated above; the present. invention has been achieved. The 
object of : the present invention is to provide an inexpensive, corrosion-resistant stainless steel pipe for oil country 
25 tuSular'goods, preferably "a High-strength stainless steel pipe for oil country tubular goods, having a superior hot work- 
ability an'd exhibiting'a superior CO£ corrosion resistance even in severe; corrosive environments attemperatures of 
" more-fffan^ Sb^c^ like. ' ' r w : r • > z 

[001 2f ~ Trie : present Invention' is as follows: * v. -3 : *. • • -->•*■-->, ■ ■ 

3D "'' (1>A : &rVoWi6n-resyaht stainless steel pipe for oil country tubular goods having a steel composition. comprising, 
"on amass 6fi&ig , l '0.Gi5%6rieSB A of'&? : I).50% or less of Si; 0.20% t6 1 .80% of Mn; 0.03 or less of P; 0.005% or less 
of S; 14.0% to 18.0% of Cn 5.0% to 8.0% of Ni; 1.5% to 3.5% of Mo; 0.5% to 3.5% of Cu; 0.05% or less of Al; 
0.20% or less of V; 0.01 % to 0:15% of N; 0.006% or less of O and the balance being Fe and incidental impurities. 
The composition satisfies expressions (1) and (2): 

35 

Cr + 0.65Ni + O.6M0 + 0.55Cu + 20C > 18.5 (1) 
-.o<r j w . Cr.+ Mo.+-0.3Si-.43.5C-0.4Mn - v Ni.-0.3Cu - 9N < 11 ■. (2) 

•- »;" * ' CHiO^VlOS a .i^CCC 'U*il .'fill i r».;riO > ■ . ■■■A--: scj-vr-c;^. cj :rv ..'->; . : , • ■• - 'Oi''"m 1 • ■ ". * 

" ° -^^WfereT5rrNVMoyCu/Cr-Si;"Mn7and N represent their respective contents on amass% basis. 

(2) A corrosion-resistant stainless steel pipe for oil country tubular goods according to (1) in whichjthe composition 
: further contains- at- least-one element of 0.20% or less of Nb and 0.30% or less of Ti on a mass basis, i. 1 
45 r (3yAcbrros'i6n-resistaht stainless steel pipe for oil country tubular goods according to (1) or (2) in which the com- 
pbsftion further contains at 'least one element selected from the group consisting of 0.20% orless.of Zr, 0,01% or 
' " less oPBV and'310% I( bf less of-W on admass basis. ■ -J>* -\ * -v^,^ ^ t . , .u :t , ± c, 

- • • : - -« (4) A ^i5Drr6sibW4esi^i^'staihl^8 steel pipe for oil country tubular goods according to any one of (1 ) to (3) in which 
the composition further contains 0.0005% to 0.01% of Ca on a mass basis. - ^ ; > - • 
50 ' (5) b A" stainless' steel pipe: for oil country tubular goods according to any one of (1) to (4) and whose structure 
inclucies 5 : tb 25 percent' by'vo I u me of a residual austenitic phase and the balance being:a martensitic phase. 
(6) A corrosion-resistant stainless steel pipe for oil country tubular goods according to any one of (1) to (4) and 
whose structure includes 5 to 25 percent by volume of a residual austertitSc phase, 5 percent by volume or less of 
a ferrite phase, and the balance being a martensitic phase. 
55 , n (7) A method for manufacturing a corrosion-resistant stainless steel pipe for oil country tubular goods including 
the steps of: forming a steel pipe from a steel pipe material having a composition; quenching the steel pipe by 
heating the steel pipe to a temperature of the A C3 transformation point thereof or more and subsequently cooling 
*tb room temperature at air-cooling speed or more; and then tempering the steel pipe at a temperature of the A C1 
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transformation point thereof or less. The composition contains, on a mass basis, 0.05% or less of C; 0.50% qrjess 
of Si* 0.20% to 1 .80% of Mn; 0.03 or less of P; 0.005% or less of S;- 14.0% to 18.0% of Cr; 5.0% to 8.0% of.Ni; 
1 5% to 3.5% of Mo; 0.5% to-3.5% of Cu; 0.05% or less of Al; 0.20%- or. less, of, V;.0.01% to. 0.1 5% of N;. 0,006% 
' < or less of O, and the balance being Fe and incidental impurities, and the composition satisfies expressions (1 ) and 

(2 ): - " " ■ V: ■'■■= " • • > " - ' : 



45 



• 1 1 



Cr + 0.65Ni + O.6M0 + 0.55Cu "+ 20C k '18~.5\ ; " 0) 



Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N < 1 1 



■" : - where Cr, Ni, Mo, Cu.C; Si- Mn; and N represent their respective, contents. - -\n. ; .-• - - " , 

(8) *A method for manufacturing a.stainless steel pipe for oil country itub.ular gqodsj.accprding to (7) J n which the 
t5 composition further contains at least one element of 0.20% or less of Nb and 5:30% or les.spffTi.on a : mass basis. 

(9) A method for manufacturing a stainless steel pipe for oil country tubular goods according to (8) in which the 
quenching includes heating to a temperature in the range of 800 to 11 00*C and cooling Jo room temperature at 
air-cooling speed or more, and the tempering is performed at a temperature in the range of 500 to 630*C. 

(1 0) A method for manufacturing a stainless steel pipe for .oil country tubular goods according.tp any one.of (7) to 
20 (9) in which the composition further contains at least one element selected from, the group consisting of 0.20% or 

less of Zr 0.01'% or less of B, and 3.0% or less of W on a mass basis;**- ./i.:w^ >o« .b^i--- " I' - * 3; 

(11) A method for manufacturing a stainless steel pipe.for oil country-tubular goods according to any-one of (7) to 
(10) in which the composition further contains 0.0005% to 0.0.1% of Ca on. a mass. basis,,:; , IV . r : 0 y; 

(12) A method for manufacturing a corrosion -resistant seamless stainless steel pipe for oil country tubular- goods, 
25 • includingthe steps of : forming a steel pipe from a steel pipe material having a composition byjiot working; cooling 

the'steel pipe to room temperature at air-cooling speed or more, or quenching the steel B ipe by furttter heating to 
a temperature of the A^ transformation point thereof or more;and,cooling to rpQm,tejp & erature at air^oqWng 
speed or more; and then tempering the steel pipe at a temperature of the transformation point thereof less. 
The composition contains, on a mass basis, 0.05% or less of C; 0.50% or less of Si; 0.20% to 1 .80% of Mn; 0.03 
or less of P- 0 005% or less of S-14.0% to 1 8.0% of Cr; 5.0% to 8.0% of Ni; -1 -5% 10,3.5% of u Mqi 0,5% to 3.5% of 
Cu; 0.05% or less of Al; 0.20% or less of V; 0.01% to 0 . 1 5% of ,N ; .0 . 00.6%. or less qf O, and the balance/being Fe 
and incidental impurities, and the composition satisfies expressions, (1) and (2);, y ; 



■ 

: t- - r V 



50 



Cr + 0.65Ni + 0.6Mo + 0.55Cu + 20C>18.5- (1) 

Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N < 1 1 (2) 

where Cr, Ni, Mo, r Cu, C, Si? Mn, and N represent their fespebthJe contents on a mass% basis. 

(13) A method for manufacturing a seamless stainless steel pipe for oil country tubular goods according to (12) in 
which-the 'composition further contains at least one element of.0.20%<orjess of Nb and 0.30% or less of Ti on a 

■v - mass basis"<w rt .iip.-?tDx>;j.*a -.ivo*. >e "•/> <vi.o JeeKi a^-aun^ > •^^si-^o^-.tv'v:: >i. 

(14) A method for. manufacturing a seamless stainless steel pipe.for, oil -country tubular goods accordjng to (13) in 
■■ - • -which^the quenchingMneludes:heating to a temperature in the. ranged 800 to .1 I ip0f J G i and,cppJing to room tem- 

• * perature at air-cooling speed ormore, and the tempering is performed at a temperature in the range, of § 00 to 630°C. 

(15) A method for manufacturing a seamless stainless steel pipe for oil country tubular goods according to any 
■« * one of (1 2yto(1 4) in which the composition further contains at least.oneelement.selected.from ttie group consisting 

of 0 20% or less of Zr, 0.01% or less of B, and 3.0% or less.of Won a mass .basis. ^ - ipu > wxilz<~.-r~cj ^ 
. (16) A method for manufacturing a seamless stainless steel.pipe fpcoil country. tubular, goods, according to any 
>" dne~ of (12) to (15) in which the composition further contains 0.0005% to p,Q1% of Ca on arnass basjs^,, 



Best Mode for Carrying Out the Invention - ; ' ' 



55 



[001 3] -n "High strength" in the present invention refers to a strength (yield strength : 550 MPa or more) that conventional 
13%-Cr martensitic stainless steel pipes for oil country tubular goods have, and preferably to a yield strength of 654 
MPa or more;.' -' ~ - ■■■v ,f - - . - : ^ ^ , 

[0014] In order to accomplish the above-described objects, the inventors of the present invention have conducted 



4 
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intensive research on the effects of alloying element contents to corrosion resistance in corrosive environments at high 
temperatures in the range of more thani80°C to 230°C containing C0 2 , CI", or the like, based on the compositions .of 
the improved 13%-Cr martensitic stainless steel pipes. - r . . 

[0015]* "As a result, it has been found that both of a favorable hot workability and. a superior corrosion resistance in 
'Severe.-corrosive environments can be.ensured by reducing the C content to :be lower. than that of the/known 13%-Cr 
martensitic J stainless steelsrand'adding suitable amounts'of Ni, Mo, and Cu to adjust alloying element contents, so as 
to satisfy following expressions (1) and (2): ~: ' > : 

- \ * •* *x ■ ** 9 * *■» * ' * :\ t T/* . \ « . 4 ' * ri T *' * - , ■ * ■ » • , 



;" . . Cr+0.65Ni + 0.6Mo + 0.55Cu-20C> 18.5. 



. 0) 

■ • 

Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N < 1 1 . . ';. * . ' (2) 



t5 " 0 'wherein'Gr, Ni^Mo- Gu;0, Si, Mn,:and N represent their respective contents (mass%). Furthermore, it -has, been 
found that a high strength of 654 MPa or more in terms of yield strength can be ensured. 
[0016] The present invention has been completed based on these findings. >m> •< • ^\ \ 

[0017] The reason why the steel compositions are controlled will now be explained. Hereinafter, mass percent is 
expressed by simply %. ' o v- • • xi v.-r- ' - *.:-.c*" 

20 ■> - C: 0.05%~or~ less* - ~0- ... - - . ■. ■ . ^ ♦ . ■; - ■■-> 

[0018] C is an essential element relating to the strength of martensitic stainless steel, but a-C contents more than 
0.05% promotes sensitization at the stage of tempering due to the presence of Ni. In order to prevent the sensitization 
at the stage^ofAtempering.Mhe- C- content- is- limited to 0.05% or less; in the-present .invention. . I n,view of qojrosipn 
resistance r it ^preferable that the C content be set as lower as possible. Preferably, it is 0.03% or less. More preferably, 

25 if'is'set in^the range of-:0.01% to. 0.03%. - ~ , v ^^> m. ^ .•Df^'wA ca?fi 

Si: 0.50% or less ' * wi " f ,i>.iv r - z e> r.^ Una .^c.r ^ ^ 

[0019] The element Si serves as a deoxidizer, and, preferably, its content is 0.05% or more. in the.p^esent invention. 

- However, 1 ^content- of more than 0.50%- reduces the C0 2 corrosion resistance andrfurther ; reduces.the hot wprkabijity. 
Accordingly^the^Si- conlBht;is- limited to 0.50% or less. Preferably, it is set in the. range of 0,1 Q%^to O;30%, : r* r *& r - ; 

30 f ^^fiir|^h-?0.20% : ^1T;80% s —^ ; ^p^.!"r v :^' - • ■ ■ ■ *z.*cx ■■ >r ■-. ti •••• v - ^ ^OO -^Jice^ow :ori 

[0020] The element Mn enhances steel strength, in order to ensure a strength /desired in the present invention,, the 
Mn content has.to be 0:20% on m ore -However,- a content of -more: thanv-1,8p% negatively. aff^cts.the; toughness,. Ac- 
cordingly, the Mn content is limited to the range of 0.20% to 1 .80%. Preferably, it is set In the range of 0.20%; to. 1,00%. 
■ 'More preferably,- it is set in the ranged 0.20% to 0.80%. -«\ ' ^ : ' . , 1; '-.ton ^'.-00: 

35 -'ii^ P:i0.03%'or1ess^^ s .*^ r . Z^r* -s :r.- -.- • - - — -.s^: -.'-.v ■-. -. crir -^-i- '^ v 

[0021 p ^The element P negatively^affects the C0 2 corrosion resistance, COg stress^orrosion cracking resistance, 
pitting corrosion iresistance; and sulfide. stress-corrosion cracking resistance, and it is preferable.that the Rcontent be 
reduced as low as. possible. Howeverr an excessive reduction- of P. content increases cpsto Accordingly r .the P : content 
is limited to 0.03% or less so as to allow industrial production at a low cost and prevent the degradation of £0 2 corrosion 

40 ^ resistanceT GOg stress^corrosion cracking resistance, pitting corrosion resistance, and ^ sulfide^stress-cprrosionjesist- 
ance. Preferably, it is set'at 0.02%:or-less.;n t - . " -""..'= *. ■•; c>^ 0 ^ -.r-jawca :.jci.; <ir,i ^!-;-' 

- > ^oitifots: fj.005% 5 Or^lessbebbo vsrr pr^Hi 3 r ■ '^r.-- . •■nr* ■; ■ : - >~Z0~ : 

. :>[0022]^^The'element 1 S)seriously. reduces hot workability in manufacture of pipes, and the S^cpntent is, preferably, as 
* l - low r as possiblel A S'contentofJ0;005% or less makes it possibles manufacture pipes .through, a. common, process, 
45 'and. thereforepthe'Scbntent is limiteo^ - . -iO W : 

'"O Crrl4.0%tb 18:0% v rt n?..o oi-oe;tf-! ^i. • - . ■"■ :- : /'t ■<te-.itr,c.v - ■ .. ;» \- f "s^ 

[0023] The element Cr forms a protective film on the surface of steel to increase the corrosion, resistance, and par- 
ticularly to increase the-GO^corrosidnifesistance and C0 2 stress-corrosion cracking, resistance : : Jn the presentjnyen- 
^tidn,ra;Cr Whtent:of.i14:0% ; on=more lis^necessary from the viewpoint/of» increasing the corrosion, resistance at high 
so f-temperaturesv However; a content of morethan 18.0% reduces thehotworkabi I ityr Accordingly, the.Crcontent isjimited 
veto the 'range of 14.0% to: 18.0%, in the'present invention. Preferably/rt is.set in.the. range of 14,5%.to 17-.5%. :r 

' Nif5 0%t6 8t0%~ *-* ! ^« ' • * ' *: \~ ' " "~ ' 

[0024] The element Ni strengthens the protective film on the surface of stee^^enhance the CQ 2 corrosjon resistance 
' - and CO^stressk;6rrosion. cracking resistance, pitting corrosion resistance, and sulfide stress-corrosion. cracking re- 
55 sistance. Furthermore, it has the effect of a solid solution strengthening and, accordingly, increases steel strength. 
These effects are exhibited when the Ni content is 5.0% or more. However, a content of more than 8.0% reduces the 
stability of the martensitic structure to decrease the strength. Accordingly, the Ni content is limited to the range of 5.0% 
to 8.0%. Preferably, it is set in the range of 5.5% to 7.0%. 
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Mo: 1 .5% to 3.5% 

[0025] - The element Mo enhances the resistance to pitting by C\; arid a content of 1 .5% or more is necessary in the 
present invention. While a content of less than 1 .5% does not efficiently achieve the corrosion' resistance in severe, 
corrosive environments at high temperatures, a content of more than 3.5% causes the formation of 6-fernte to reduce 
the hot" workability, COg'corrosion resistance, and C0 2 stress-corrosion cracking resistance and increases cost. Ac- 
: cordih^lyi'the Mb' content is limited to the?ange of 1 .5%'to-3.5%. Preferably, it is. set in the range of 1 .5% to 2.5%. 

Cu: 0.5%to 3.5%, : 1 ' : " * : ' 

[0026] The element Cu strengthens the protective film on the surface of the steel to prevent from hydrogen-pene- 
tration into the steel, thereby enhancing the sulfide stress-corrosion cracking resistance. This effect is achieved when 
the Cu content is 0.5% or more. However, a content of more than 3:5% allows CuS to precipitate in grain boundaries • 
to reduce the hot workability. Accordingly, the Cu content is limited to the range of 0.5% to 3.5%. Preferably, it is set 
in the range of 0.5% to 2.5%. 

Al: 0.05% or less . < 

[0027] The element Al has a strong effect of deoxidation, but a content of more than 0.05% negatively affects the 
15 ^tough^ness of th^ steel. Accordinglyfthe At content is limited to 0.05% oriess.Preferably, it is set in the range-of 0.01 % - 

V- 0 20% or less : <* - '" "~> ^"' x - : ~ r '* c r '^" v '^ r - "^'^r. 7wC. 

[0028] The element V enhances the strength of steel and also has the effectof improving the stress-corrosion crack- 
ing resistance. These effects are noticeably exhibited when the V content is 0.03% or more. However, a content of 
20 more than 0.20% reduces the toughness. Accordingly, the V content is limited to 0.20% or less. Preferably, it is set in 
trie range of 0.03% to 0.08%.* ■-. *** 

1 'N ; 0.01% to*0.15% , *" w !! ^ r • ' ■•■ -* .ir.--v.& i..- 

[0029]- The element N extremely enhances the pitting corrosion resistance rThis effect is exhibited when the N content 

is 0 01 % or more. However, a content of more than 0.15% allows the formation of various nitrides to reduce the tough- 

25 ness. Accordingly, the N content is limited to the range of 0.01% to 0.15%. Preferably, it is set in the range of 0,03% 
to 0.15%, and more preferably in the range of 0.03% to 0.08%. — " v 

^'^ 6: 0;006%-o 4 r lessee '* : T<*fn- ■ ^ -vc , sv ,. : , *i'V. ; 

[0030] w The element O is-preseht in oxide forms in steel and negatively affects Various characteristics-. It is, therefore, 
preferable tb^be reduced as low ^possible. In particular, an O content of more than 0.006%~seriously c reduces the 

30 hot workability. C0 2 stress-corrosion cracking resistance, pitting corrosion resistance, sulfide stress-corrosion cracking 
Yesisfarice^ and-loughnel^ the? O content is limited to;0:006%<on lessor > -vl rr^h -c: mm 

[0031]^ ( Mn the present-invention, the above-described basic composition may, further contain at least, either.0.20% or 
lesVot N'tf bY#30% or less^of T\.^ ' > : ; T -r * •.•esnoc **• ^nbOv 

[0032] Both the elements Nb and Ti enhance the strength arid the toughness; and particularly increase the strength 

35 remarkably by tempering at a relatively low temperature in the range of 500 to 630°C . This effect is noticeably exhibited 
whence Nb'ahd TTcOTtents^are 0.02% ormore and 0.01% or more; respectively^ On the other-hand, a Nb content of 
more thah 0 20% and a Ti conteht-of more than 0.30% reduce the tough ness.Hri addition, .Ti has the effect of improving 
theatres* ^corrosion cracking resistant the Nb content is preferably limited to 0.20% or less, and the Ti 

•cc^tent^d'3b% f 6^1ess?- 5 ^ ef*J tosvein bf^ tec; *• , .-• «■ .»!-« 5 r-u-:(-^*:aijb^!WCttsoi^6G«^3Si^- IC T 0 >; ?*- i i'-t*< 1 . 

40 fo033]^^^^^ composition may further contain at least one element selected , 

from the group consisting of 0.20% or less of Zr s 0.01% or less of B, and 3.0%;or less> of W.e ai /id* =or<„ 
[0034] Zr, B, and W each increases the strength, and at least one of them may be added ifcnecessary. In addition to 
> the 'effect of increasing the'strengthVZr. Bf-and W can improve the stress-corrosion cracking resistance .-Theseieffects 
W'hoticeably^exhibited when the composition contains 0.01% or more of Zrr.0:0005%-onmore of B r on0.1;% or*more 

45 of W On the other hand; if the composition contains more than 0.20% of Zr; more than 0:01% of B< or,more,than;3,0% 
of W the toughness is reduced. Accordingly, the Zr content is preferably limited to 0.20% or less; the B content, 0.01 % 
or l§ss;-and:the-W content, 3 0% or less.^ > ■ -v,--. «o .-■! ■ -,-i^>K^ ■ *mc> -0 Momoi-i i [fificr. 
■ [0035] ---In the present invention/ ^composition may further contain 0.0005% to 0.01%: otCa.^, • : vhsi-j;.f 
~ [0036]^ The "element Ca forms CaS to fix theelement S and, thus, to spheroidize sulfide inclusions, thereby reducing 

50 lattice 'distortion^ the matrix in W vicinity of the inclusions to reduce the capability of trapping hydrogen of the inclu- 
sions advantageously. This 'effect- is" achieved when the Ca content is 0.0005% or more." However, a content. of more 
than 0.01% increases CaO, and reduces the C0 2 corrosion resistance and pitting resistance'. Accordingly, the Ca 
content is prefefablylimited to the' range of 0.0005% to 0.01%; -vv^ •*i^>:r' - --t > k : 
[0037]> In addition to the above-described requirements, the each element content have to satisfy following expres- 

55 sibris (1 )~ahd (2): - ' 



Cr+o!65Ni + 0.6Mo + 0.55Cu-20C> 18.5 " ( 1 ) 
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Cr + Mo + 0.3SI - 43.5C - 0.4Mn - Ni - 6.3Cu - 9N < i 1 (2) 

Of.. 4 * -J ■: . "-it- *' V. j : " --.»--f r ' . . ■ • 

->£ f - wherein Gr.'Niy Mo ? Cu, G, Si.^Mn, and N represent their respective contents.. . ' . . . .. : . 

5 [0038] By adjusting the Cr, Ni, Mo, Cu, and C contents so as to satisfy expression (1), the corrosion resistance in 
environments at high temperatures up to 230°C includinc} v C0 2 or Ch is remarkably increased. Also, by adjustingjhe 
Cr, Mo, Si, C, Mn, Ni : Cu, and N contents so as to satisfy expression (2), the hot workability is enhanced. In the present 
invention,' P,S, and O contents^ are -signif icantly reduced in order.to eQhance,the hot. workability^ reducing 
the P, S, and O contents is not enough to ensure a hot workability sufficient to produce seamless martensitic stainless 

10 steel pipes. In order to ensure a hot workability sufficient to make seamless martensitic stainless steel -pipes, it is 
important to extremely reduce the P, S, and O contents, and besides to adjust the Cr, Mo, Si, C, Mn, Ni, Cu, and N 
contents sc as to satisfy expression (2)v . - - - *; . **> r.^-v.ai- A ;S3£G$ 

. [0039]vorrh"e balance:of_the}foregoing elements is Fe and incidental impurities? ^f-.-j.^ . ~qn oi* r i*i o*£) :o>-c 
[0040] Preferably, the steel pipe of : the-p.resent invention has : a structure eomprising,5%to 25%,.p^resjdual austenite 

15 ^phase^oaavolume basis and .the balance being a martens ite phase - Alternatively, the. steel pjpe of the present invention 
has a structure comprising 5% to 25%x>f residual austenite phase, 5f/o or. less of ferrite. phase,- and the^balance. beipg 
-a^martensite phase on a.volumeibasis: . i;.: : 2*r*\ :{«r. bars; ^asipr^a tfT >f*.C0( 

[0041]: » Although the structure, of- the steel pipe of the present invention is essentially, composed of the martensite 
. phase, theJmartensite phase, preferably contains 5% to 25% of a residual austeriit^phase, or further. contains 5% or 

20 oiess^of a* ferrite phase; on a volume basts, y ; - 1 . ; : ^ ^ . .-, - r.:- - .: 

[0042p By allowing 5 peYcent by volume.or more of residual austenite phase to be present, a high.toughness can be 
achieved. However, more than 25 percent by volume of residual austenite phase reduces the, strength. Accordingly, it 

- is 'preferable that the percentage of the residual austenite phase is set in the. range of 5 to 25 percent by volume.* In 
additionfin order to enhance .the corrosion resistance, it is preferable that 5 percent by- volume orJ ess of ferrite.phase 

25 is allowed to be present. However, more than 5 percent by volume of ferrite phase remarkably reduces the £ot work- 
rability^Accordinglyi it is p referable. that the percentage of the ferrite phase : is .set : at 5 percent by^vplume or less ; . rii7 | 

- [0043] a i Avmethod.for manufacturing.the steel pipe of the present jnvention.witbnpw tte^st^db^i^ng^Sganiless 
steel pipe as-an%'xamplevl :-:o: :»r -.. - ■■- -i-rc r»* v.o*r*> ^v^drs ="***d ta?>f ar*t 
[0044] First, it is preferable that a molten steel having the above-described composition be.mejted : by 3 a; conventional 

30 steel making process using a converter, an electric furnace, a vacuum melting furnace, or the like, and then formed v 
into a steel pipe material, such as, a billet by a conventional method, such as continuous casting or ingot making- 
slabbing. Then, the steel pipe material is heated and subjected to hot working to make a pipe by a common manufac- 
turing process, such as that of Mannesmann-plug mill or Mannesmann-mandrel mill. Thus a seamless steel pipe with 
a desired size is yielded. After pipe making, the resulting seamless steel pipe is preferably cooled to room temperature 

35 at air-cooling speed or more. 

[0045] The seamless steel pipe having the above-described steel composition can be given a structure mainly com- 
posed of a martensite phase by cooling at air-cooling speed or more after hot working. After the cooling at air-cooling 
speed or more, preferably, quenching is performed in which the steel pipe is heated again to a temperature of the Ac 3 
transformation point or more and cooled to room temperature at air-cooling speed or more. Thus, the martensitic 

40 structure can be refined and the toughness of the steel can be increased. 

[0046] Preferably, the quenched seamless steel pipe is subjected to tempering by being heated to a temperature of 
the A C1 transformation point or less. By heating to a temperature of the A^ transformation point or less, preferably to 
400°C or more, for tempering, the resultant structure comprises a tempered martensite phase, further comprises a 
residual austenite phase, or still further comprises a small amount of ferrite phase in some cases. Thus, the resulting 

45 seamless steel pipe exhibits a desired strength, a desired toughness, and a desired, superior corrosion resistance. 
[0047] Only tempering may be performed without quenching. 

[0048] The description above illustrates a steel pipe of the present invention taking the seamless steel pipe as an . 
example, but the present invention is not limited to this form. A steel pipe material having the composition within the 
scope of the present invention may result in an electric welded steel pipe or a UOE steel pipe used as a steel pipe for 
so oil country tubular goods through a conventional process. However, for the electric welded steel tube and UOE steel 
pipe, it is preferable that, after pipe making, the pipe is quenched by heating the pipe again to a temperature of the 
Ac3 transformation point or more and cooling to room temperature at air-cooling speed or more, and is subsequently 
tempered at a temperature of the A^ transformation point or less. ^ . 

[0049] In the case of a steel pipe having a composition contain in <^at least one element of Nb and Ti, quenching 
55 includes heating to a temperature of 800 to 1100°C, and cooling to room temperature at air-cooling speed or more. 
Also, tempering is preferably performed at a temperature in the range of 500 to 630°C. By subjecting the steel pipe 
having the composition containing at least one element of Nb and Ti to these quenching and tempering, a sufficient 
amount of fine precipitates can occur to achieve a high strength of 654 MPa or more in terms of yield strength. 
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[0050] A quenching temperature of less than 800°C does not sufficiently achieve the effect of tempering to provide 
a desired strength On the other hand, a quenching temperature of more than 1100°C coarsens the crystal grains to 
reduce the toughness of the steel. While a tempering temperature of less than 500*C does not pricipitate asufficient 
amount of precipitations, a tempering temperature of more than 630<?C remarkably reduces the strength of the steel. 



• — * ' 



(Examples) 

[0051] The present invention" will be further described in detail with reference to Examples. 
10 (Example 1) 



~>t r: 



[0052] After degassing, each molten steel having a composition shown in Table 1 was cast into a steel ingot of 1 00 
kgf (980 N). The ingot was subjected to^' hot working to make a pipe with a model seamless rolling mill, followed by a^ir 
cooling to' yielQ' a^e'amless steel pipewith an outer diameter of 3:3 in. by a thickness of 0.5 in. ! ^ >• * 

[6b'53] : '"Trie hot workability ^was evaluated by visually observing the presence of cracks- in the internal and external 
surfaces of -tfie* Vesultihg seamless steel" pipe as air-cooled atter pipe ^m f >* • - ' 

[0054] The seamless steel pipe was cut into a test piece. The test piece was-heated at<920°C for 1 hour and then 
water^cooleci: The test piece was further subjected to tempering at 600°G for 30 minutes. It was ensured that quenching 
was performed lih' each "sample at a temperature of its'Aca transformation point or more, and that tempering was 
performed at a temperature of its A C1 transformation point or less. The quench-tempered test piece was mach.ned 
into a cdrrdsiori-test piece = 6f 3 mm in thickness by 30 mm in width by 40 mm in length, followed by a corrosion test. 
Some of the steel pipe samples "were subjected to only tempering without quenching:- - — •* > v^dv^ 

[0055] In the corrosion test, me test piece was immersed in a test solution being 20% NaCI aqueous solution placed 
in an autoclave (solution temperature: 230°C, C0 2 gas atmosphere at a pressure of 1 00 atmospheres) and was allowed 
tokeepfor2weel<s.^ 1 ^ * ' ' ' >o or ^*o(!f; :« 

[0056] f < Trie test-piece -after the corrosion test was weighed, and the corrosion rate was obtained from.the difference 
between : the' weight -of the test piece before the test and that after the test. The .surface of the corrosion, test piece after 
the test was observed to check for the occurrence of pitting with a loupe of a magnification of 10-times.- w » j ■ 
[0057] " The'resu Its are shown in Table 2. ■ 
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[0058] Each example of the present invention exhibited no occurrence of cracks in the steel pipe surfaces, a low 
corrosion rate, and no occurrence: of pitting. JHence, it has been shown that the steel pipes of these examples have a 
superior hot workability and a suVenoFcbiTolsion resistance in a severe, corrosive environment at a high temperature 
of 230°C containing C0 2 . In c3h1rasts T ^dmga~rative examples outside the r scope of the present invention exhibited 
occurrence of cracks, thus showing a reduced hot workability, or exhibited a h igh corrosion rate, thus showing a reduced 
corrosion resistance. In particular, there "were surface flaws in the steel pipes of comparative examples not satisfying 
expression (2) due to a reducedrhot.workabi[ity. I 



( r 



(Example 2) 



[0059] After sufficient degassing, each.rnolten steel having a composition shown; in Table 3 was cast into a steel 
ingot of 1 00 kgf (980 N). The ingot was fprmed into a seamless steel pipe with an outer: diameter of 3.3 in. by a thickness 
of 0.5 in. with a model seamless rolling mill 1* • "j 4 { 

[0060] After the pipe makingV the hot workability was evaluated by visually observing the presence of cracks in the 
internal and external surfaces of the/resulting seamless steel pipe: [ 

[0061 ] The seamless steel pipe was cut into a test piece' The test piece was subjected to quenching and tempering 
under the conditions shown in Table 4. An ark-shaped API tensile test piece was teken from the quench-tempered test 
piece and subjected to a tensile test for the tensile properties (yield strength YS, tensile strength TS). Also, a corrosion- 
test piece of 3 mm in thickness by 3Q'mrry in width by 40 mm in length was taken from the foregoing quench-tempered 
test piece by machining, and was subjected to a corrosion test. r_ . 

[0062] In the corrosion test, the test piece was immersed in a test solution being 20% NaCI aqueous solution placed 
in an autoclave (solution temperature^: 230°C; C0 2 gas atrriosphere'at a* pressure of 30 atmospheres) and was allowed 
to keep for 2 weeks. ~ ' Z ' " ? " " : • r 

[0063] The test piece after the corrosion test was weighed, and the corrosion rate was obtained from the difference 
between the weight of the corrosion test piece before the test andlhat after the test. The surface of the corrosion test 
piece after the test was observedto check for the occurrence of pitting witrTa loiipQ of a magnification of 1 0 times. The 
results are shown in Table 4. * o L • * 4 ' , . , > 
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[0064] Each, example of the present invention exhibited no occurrence of cracks in the steel pipe surfaces, a low 
corrosion rate, and no occurrence of pitting. Hence, it was shown that the steel I pipes of these examples had a superior 
hot wbrkability:and a superior corrosion resistance in a severe, corrosive environment at a high temperature of 230°C 
containing CO^. la contrast, comparative examples outside the scope of the present invention exhibited occurrence 
of cracks/thus 1 Showing a Feduced , hot workability, or exhibited a high corrosion rate; thus showing a reduced corrosion 
resistance.-When the .manufacture conditions, were outside the preferred ranges a_s,set forth in the present invention, 
the strength was reduced and, accordingly, a high yield strength of 654 MPa or more was not achieved. 
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(Example 3) _ 1 J_ _ ; 

[0065]^ , After sufficient degassing, each molten steel having a composition shown in Table 5 was cast into a steel 
ingot of 1 00 kgf;(980 N). The ingot was formed into a seamless steel pipe with an outer diameter of 3 3 in . by a thickness 
of 0.5 : in'. with a model seamless rolling mill. ■ . •. : ': \ , 

[0066] The hot workability was evaluated by visually observing the presence of cracks in the internal and external 

surfaces-of the resulting seamless steel pipe, as in Example 1. - - — 

[0067] The seamless steel pipe was cut into a test piece. The test piece was subjected to quenching and tempering 
undefthe conditions shown in Table 6. Ifcwas ensured that quenching^was-performed on each sample at ajtemperature 
of its ^.transformation point ormore, and that tempering was performed at -a temperature of Its 7 Ac, transformation 
point or less. A structure observation test piece was taken from the quench -tempered "test piece. The structure obser- 
vation test piece was etched by aqua regia. The resulting structure was observed wifta scanning electron microscope 
(1 000 times), and the percentage of the ferrjte phase (percent by volume) was computed with an image analysis system. 
The' p^rcehtage of the residual austenite : phase was determjned by X-ray; diffraction. ~ • f > ; ^ : f : 
[0068]' An ark-shaped API tensile tesr piece was taken from the Quench-tempered" test piece and subjected to a 
tensile test for the tensile properties (yield strength YS, tensile strength TS), as in Example 1 . Also, a V-notch test 
piece (thickness: 5 mm) was taken from the quench-tempered test piece, in accordance with JIS Z 220% and the 
Charpy impact testwas performed on the V-notch test piecejto determine the absbrpt^bn energy vE^o (J) aj: -40°C in 

accordance with JIS Z 2242. " ** < i * \ 

[0069]~^Furthermore, a corrosion-test piece of 3 mm in thickness by 30 mm-in -width -by 40..mmJaJength. was taken 
from the foregoing quench-tempered test piece by machining, and was subjected to a corrosion tgst, as in Example 2. 
[0070} In the corrosion test, thl test piece was immersed in a test solution being;2p% NaCI aqueous solution glaced 
in an autoclave (solution temperature: 230°C, C0 2 gas atmosphere at a pressure of 30 atmospheres) and w|s:ailbwed 

to keep for 2 weeks. * ? 1 j '~; i * 

[0071] . The test piece after the corrosion test was weighed, and the corrosion rate was obtained from the-,drrrerence 
between the weight of thetest ptece before the test "and that after theles^The surjabe^of the corrosion test piece after 
the test' was observed to check for the occurrence of pitting with a loupe of a magnification of 1 0" times. 
[0072] -The results are shown in Table 6. 
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[0073] Each example of the present invention exhibited no occurrence of cracks in the steel pipe surfaces; a low 
corrosion rate, and no* occurrence- of pitting; hence it was shown that steel pipes of these examples had a superior hot 
workability. In addition, their structure containing 5 to 25 percent by volume of residual austenite phase, or further 
■' containing 5 percent by volume or less of ferrite phase leads to a superior corrosion resistance in a severe, corrosive 

5 environment" at^ high temperature "of 230?C containing C0 2 . Furthermore: the strength is as high as 654 MPa or more 
in terms of yield strength YS and the toughness is as higVas 60 J or more in terms of absorbed energy at - 40 e> C 
[0074] In contrast, comparative examples outside the scope of the present invention exhibited occurrence of cracks, 
thus's'hbwing a reduced hot workability, or exhibited a high corrosion rate./thus showing a reduced corrosion resistance. 
' vVKeh the manufacture conditions were outside thepreferred ranges as set forth in the present invention,- the strength 

w was^decreased and. ac^ordingly; a- high yield strength of 654 MPa or m 

. ' .1 • i ■ <J~ )\ I « '» '. ; r - ■' : i I ~ J -. #' .«•;>: ■ . r. . .♦ I 

Industrial Applicability ■ - 

[0075] According to the present invention, a high-strength martensitic stainless steel pipe for oil country tubular goods 
15 can be manufactured at a low cost with stability which has a sufficient corrosion resistance in severe, cojrosive envi- 
ronments at high temperatures containing C0 2 or CI- or which has a high toughness in addition to such a sufficient 
corrosion resistance, thus producing particularly advantageous industrial effects. • >r -. 

20 Claims 

L 

1 . A corrosion-resistant stainless steel pipe for oil country tubular goods having a steel composition comprising on a 
mass basis: 

25 0.05% or less of C; 

0.50% or less of Si; : " 
6:20%t6^T.80% of Mrif- " " :r,: 

0.03 or less of P; 
O.005% or less of S; 
30 1 4.0% to 1 8.0% of Cr; ' 

5.0% to 8.0% of Ni; 
1 .5% to 3.5% of Mo; , 
0.5% to 3.5% of Cu; ' * 
0.05% or less of Al; 
35 0:20% of less'bfV;;'-' ' c 

0.01% to 0.15% of N; 
• f 0.006% or less of O, and - 
: - - the balance being Fe and incidental impurities, * ' r - ■■< 

wherein the composition satisfies expressions (1) and (2): 

— ■' , Cr + 0.65NI 4 p.eiyio + 0,55911 + 209^ .1. 8.5 a (D, 



40 



45 



50 



•1 » 



, Xr4-Mo + 0.3Si-43.5C-0.4Mn-Ni-0.3Cu-9N<11 



J. -t. 



* J . <. ' S- i -o 



(2). 



where Cr, Ni, Mo, Cu, C, Si. Mn, and N represent the respective contents thereof on a mass% basis. 

2. A stainless steel pipe for oil country tubular goods according to Claim 1 .wherein the composition further comprises 
at least one element selected from the group consisting of 0.20% or less of Nb and 0.30% or less of Ti on a mass 

" 'basis i^-"' 5 /itrunc ' :< cr;-" ~ <>t-. . .. .. : i . ■ <. ■ ■ ■.' -».-*• ■■' ■•• 1 ' •<•-'*»• 4 '■ ..^ 



"3/ ; A' stainless steel pipe for oil country tubular goods according to Clairrv^^or 2, wherein the composition further 
« comp'rises'at least one element selected from the group consisting of 0.20% or less of Zr/ 0.01 % or less of B ; and 
55 "3.0% or less i of Won a mass basis: * ' 

4. A stainless steel pipe for oil country tubular goods according to any one of Claims 1 to 3, wherein the composition 
further comprises 0.0005% to 0.01% of Ca on a mass basis. 
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10 



5 A stainless steel pipe for oil country tubular goods according to any one of Claims 1 to 4, wherein the structure 
thereof includes 5 to 25 percent by volume of a residual austenite phase and the balance being a martensite phase. 

6- A stainless steel pipe 1 for oil country tubular goods according to any one of Claims.1 to 4, wherein the structure 
• : » * thereof includes^oh a volume basis', 5 to 25 percent by volume of a residual austenite phase, 5 percent by volume 
• or lessor a" ferrite 'phase,' and the balance being a martensite phase: . ; - • - ; '. 



■.: '«"\ t; ^ti 1 



7. 



a.-, 



A method for manufacturing a corrosion -resistant stainless steel pipe for oil country tubular goods comprising the 
steps of - forming a steel pipe from a steel pipe material having a composition; quenching trustee! pipe by heating 
the steel pipe to a temperature of the A^ transformation point thereof or more and subsequently cooling to room 
temperature at air-cooling speed or more; and then tempering the steel pipe at a temperature of the A^ transfor- 
mation point thereof or less, wherein the composition comprises on a mass basis: 



15 



20 



25 



' o:05% or less of C; -J 

*U*50% ? 6Yless'bf Si; r • ■ ^ , ' : ' * " ' ' " "* " ^ 

0:20%to1*.80%*of Mn; " l '"'•<■ * ' 

0.03 or less of P; — ^ . . . 

0.005% or less of S; 
1 4.0% to 1 8.0% of Cr; 
5.0% to 8.0% of Ni; 
1,5% to 3.5% of Mo; 

' 0;5%tb-3i5%*bf Cu;< : • - ---- 

0.05% or less of Al; 
0.20% or less of V; 
0.01% to 0.15% of N; 

0.006% or less of O, and - 

the balance being Fe and incidental impurities, wherein the composition satisfies expressions (1) and (2): 



30 



Cr + 0.65Ni + 0.6Mo + 0.55Cu + 20C > 1 8.5 



(1); 



35 



40 



45 



50 



55 



Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N < Yt 



•i 1 



(2), 



where Cr, Ni, Mo, Cu, C, Si, Mn, and N represent the respective contents. thereof on a mass% basis. 



8 A method for manufacturing a stainless steel pipe for oil country tubular goods according to Claim 7, wherein the 
composition further comprises at least one element of 050% or less of Nb and 0.30% orJesspf.Ti on a mass basis. 

9 A method for manufacturing a stainless steel pipe for oil country tubular goods according to Claim 8, wherein the 
quenching includes heating to a temperature in the range of 800 to 1 1 00°C and cooling to room temperature at 
air-cooling speed or more; and the tempering is performed at a temperature in the range of 500 to 63Q°C. 

10 A method for manufacturing a stainless steel pipe for oil country tubular goods according to any one of Claims 7 
• ' to 9, wherein the composition furtfier comprises at leasVone^element selected from the group consisting of 0.20% 

or less of Zr, 0.01 % or less of B, and 3.0% or less of W on a mass basis. 



11. A method for manufacturing a stainless steel pipe for oil country tubular goods according to any one of Claims 7 
• to i 0, wherein the composition further comprises 0.0005% to 0.01.% of Ga on a mass basis .. : : • 2 



12 A method for manufacturing a corrosion -resistant seamless stainless steel pipe for oil country tubular goods, com- 
prising the steps of: forming a steel pipe from a steel pipe material having a composition by hot working; cooling 
' the steel pipe to room temperature at air-cooling speed or more, or quenching the steel pipe by further heating to 
a temperature of the A££ transformation point thereof or more^and cooling to room temperature at air cooking 
speed or more; and then tempering the steel pipe at a temperature of the A^. transformation point thereof or less, 
wherein the composition comprises on a mass basis: 



0.05% or less of C; 
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0.50% or less of Si; 
. 0.20%. to 1.8Q%.pf Mn; - . .. 
0.03 or leiss of P; f 
0.005% : or less' of S; 

— ~1-4-.0%-to 18.0% of -Gr; 

5.0% to 8.0% of Ni; 
1.5% to 3.5% of Mo; 
0.5% to 3.5% of Cu; 
0.05% or, less of At; *' " ' J ' " 

: 6.20%^or|ess of V; '♦*->•■■ 
0.01% to 0.15% of N;' --• ' • * v; ■' ■ " " ■-^V-f-. : : 

0.006% or less of O, and 

the balance being Fe and incidental impurities, and wherein the composition satisfies expressions (1 /and (2); 



"l t, i "i j i i"i 



^ v.*. , - „ Cr + 0.65^ + 0.61^0,+ 0.55Cu + 20C^ 18.5^ (1), 

Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N < 11 (2), 
where Cr, Ni^Mo, Cu, C, SL Mn, and N represent the respective contents thereofj>na mass% basis. 



13. A method for mantfartunnl^ bircountry tubular goods according to Claim 12, 

wherein the composition further comprises_atJeasT one or less of Ti on 

a mass basis. 



14. A method for manufacturing a seamless stainless steel pipe for oil country. tubular. goods according to Qlaim 13, 
wherein the quenching includes heating to a temperature in the range of 800 to il00°C and coolingho room 
temperature at air-cooling speed or more, an d -th e temper! ng-is. performed at a temperature in the range of 500 to 
630°C. 



15. A method for manufacturing a seamless stainless steel pipe for oil country .tubular, goods. according to any one of 
Claims 1 2 to 1 4, wherein the composition further comprises at least one element selected from the group consisting 
of 0.20% or less of Zr, 0.01% or less of B, and 3.0% or less of W on a mass basis. | 

16. A method for manufacturing a seamless stainless steel pipe for oil country tubular goods according to any one of 
Claims 12 to 15, wherein the composition further comprises 0.0005% to 0.01% of Ca on a mass basis, j 
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